Abstract. Abundant mucin production and MUC2 expression is the key feature of mucinous colorectal cancer (CRC). Although MUC2 gene methylation has been thought to play an important role in loss of MUC2 expression, the tissues are difficult to analyze because of the cellular heterogeneity of tissue samples. In the present study, we determined the role of region-specific methylation in the MUC2 promoter in MUC2 expression in CRC. Additionally, we optimized the conditions for quantification of methylation analysis in mucinous and non-mucinous CRC tissues. We identified two regions in MUC2 promoter, region A (-289 and -274) and region C (-193 and -160), that correlated with loss of MUC2 expression by comparing the methylation status in 13 CRC cell lines with no or low MUC2 expression and those in 4 cell lines with high MUC2 expression. To prove the correlation of MUC2 methylation status and loss of expression in CRC tissues, MUC2 methylation status in tumors needs to be determined. Since the critical CpG sites have been identified in cell lines by sequencing, a more rapid and sensitive methylation specific PCR (MSP) was used. We conducted MSP at 3 CpG sites (-289, -274, -193) in 19 mucinous and 34 non-mucinous CRC tissues because this analysis worked at only these sites in the preliminary cell line experiments. Our results showed that methylation status of mucinous CRC was significantly lower than that of non-mucinous CRC at 3 sites (-289; p=0.001, -274; p=0.013, -193; p=0.001), and correlated with high level of MUC2 expression as determined by immunohistochemistry. Besides, these results indicated that MUC2 expression and mucin contents decreased in accordance with the increase of methylation status. We concluded that low methylation status of MUC2 gene plays a predominant role in high level MUC2 expression in mucinous CRC.
Introduction
Mucinous colorectal cancer (CRC), which is a subtype of CRC, is characterized by abundant amount of extracellular mucin consisting predominantly of MUC2 protein. Mucinous CRC represents 5-15% of all CRCs (1,2) and clinicopathological studies indicate that mucinous CRC often presents at an advanced stage and is likely to invade the adjacent organs (3) . There is also more extensive lymph node involvement beyond the pericolonic region and more frequent peritoneal dissemination and recurrence (4) , and therefore, less readily resectible and often carry a worse prognosis (3, 4) .
In addition, mucinous cancer has recently been reported to have distinct genetic and epigenetic alterations compared to non-mucinous CRC. These include MSI, CIMP, BRAF, APC, KRAS and p53 mutation. MSI (5, 6) , CIMP (5,7) and BRAF (5, 8, 9) mutation is more frequently in mucinous CRC than in non-mucinous CRC. On the contrary, mutation of APC, KRAS and p53 occurred less in mucinous CRC than in non-mucinous CRC (3, 5, 10) . Therefore, these data indicated that mucinous CRC may have different pathways of pathogenesis from non-mucinous CRC.
MUC2 is one of the gel-forming secretory mucins that is expressed in goblet cells of small intestine and colon. Altered levels and patterns of expression of MUC2 have been reported in neoplasms. Since both secretory and membrane mucins have been shown to play an important role in cell-cell and cell-substratum interaction and signaling pathways, altered mucins may contribute to the altered biological properties of mucins in cancer cells. MUC2 gene has been reported to be regulated by many factors, such as, lipopolysaccharide (11) , inflammatory cytokines (TNF-·, interleukin-1, -4, -6, -9, -13) (12) (13) (14) (15) (16) (17) , growth factors (epidermal growth factor, transforming growth factors · and ß) (18) (19) (20) (21) , phorbol 12-myristate 13-acetate (22) , retinoic acid (23) , surface molecules of non-typeable Haemophilus influenzae (11) , and transcription factors (11, (24) (25) (26) (27) , such as HATH1 and Cdx2. Promoter methylation of MUC2 has shown to play an important role in its expression. Expression of MUC2 gene products is correlated with methylation status in the proximal region of the promoter (28, 29) , and suppression of the MUC2 gene in CRC cells in vitro and in vivo has been shown to be associated with methylation of the MUC2 promoter region (30) (31) (32) . Methylation of cytosine residues at CpG dinucleotides is an important epigenetic change that has been linked to transcriptional repression and regulation of chromatin structure (30) (31) (32) . Hamada et al examined methylation status of the MUC2 promoter region from position -1989 to position +288 upstream, a region that contains 59 CpG sites, using bisulfite genomic sequencing in two pancreatic cell lines, and suggested that methylation of certain CpG sites may be critical for MUC2 regulation (33) . Yamada et al analyzed histone modification at MUC2 promoter lesion in detail reporting that histone H3 modification in the 5' flanking region play an important role in MUC2 gene expression (34) .
Most of the experiments for analyzing the correlation of MUC2 gene methylation and its expression was shown by cell line studies as above (11) (12) (13) 15, 17, 19, (21) (22) (23) (24) (25) (28) (29) (30) (31) 33, 34) and there is a need to extend studies in tissues. Tissue study is more complicated because cancer tissues contain several epithelial cell types and stromal cells.
First, we examined the effect of region-specific methylation in the MUC2 promoter on MUC2 expression in a cell line study. Using sodium bisulfite sequencing method, we tried to identify the responsible CpG sites correlated with MUC2 expression. Besides, we optimized the conditions for quantification of methylation analysis and conducted the MSP analysis at these sites in 19 mucinous and 34 nonmucinous CRC tissues because this sequencing method is not efficient for tissue study due to the contamination of other type of cells. We also examined the correlation of methylation status with MUC2 expression as determined by immunohistochemistry.
Materials and methods

Cell lines and 5-aza-dC treatment.
Colorectal carcinoma cell lines SW1116, HT29, Lovo, HCT 8, Colo201, Colo320, CaCo2, SW620, LS174T, SW48, and H498 were obtained from American Type Culture Collection (Manassas, VA). Cell lines VACO5 and VACO10P were kindly provided by Dr Sanford D. Markowitz. RW2982 and RW7213 were from Dr Lance M. Tibbetts. RKO and C cells were from Dr Michael Brattain. Cells were grown in DMEM supplemented with 10% fetal bovine serum at 37˚C with 5% CO 2 atmosphere.
Cells were seeded at 2x10 5 cells/T75 flask on day 0. The cells were treated with 1 μM 5-aza-dC on day 0 and 2. The medium was changed 24 h after the treatment. Cells were harvested on day 5 for analysis of MUC2 expression and methylation status of promoter.
Microdissection and DNA extraction. Tumors were microdissected from formalin-fixed, paraffin-embedded 7 μm thick histological sections stained with haematoxylin and eosin using a surgical scalpel under microscopic guidance. For genomic DNA isolation, microdissected samples were incubated overnight at 56˚C with 0.5% Tween-20 (Sigma, St. Louis, MO), 100 mM of Tris-HCl buffer (pH 7.6), 1 mM of EDTA and 20 μg of proteinase K (Sigma). Proteinase K was then inactivated by incubating at 95˚C for 10 min, and the extracted DNA was stored at -20˚C until use.
Methylation analysis of MUC2 gene by sodium bisulfite sequencing and methylation-specific PCR (MSP)
Sequencing method. The extracted DNA was treated with sodium bisulfite using EZ DNA Methylation Kits™ (Zymo Reseach, Orange, CA) as recommended by the manufacturer. The treated DNA was amplified separately by PCR using two primer sets (F1/R1 and F2/R2) that are designed to amplify two overlapping fragments covering the entire promoter sequences of MAC2. The sequences of the primers are: F1, 5'GAGTTTGATTAGATTTGTTTTTGGTAGGAT, R1, 5'ACAAAAATCTAATCCTTATATATCCTAACAAA; F2, 5'TGTTAGGATATATAAGGATTAGATTTTTGT, R2, 5'CAACCCGAACCAAAAACCTCAACAA. The PCR products were purified by electrophoresis on a 1.5% agarose gel and eluted with QIAquick gel extraction kit (Qiagen). One-third of the eluted DNA was mixed with 5 pmol of the corresponding primer and sequenced on an ABI sequencer with dye terminators (Applied Biosystem).
MSP method. The methylation status of MUC2 gene in mucinous CRC and non-mucinous CRC was determined by MSP analysis. The extracted DNA was treated with sodium bisulfite using EZ DNA Methylation Kits. Bisulfite-treated DNA was pre-amplified by 30 cycles of PCR with the primer set: F, 5'TTYGGGTGTGTGTTGGTATTTAGGT, R, 5'AACATCTACCAAATAATCAAAAAAACAACTA. Amplified DNA (1 μl) was amplified separately by MSP with primer sets specific for methylated and unmethylated alleles. MSP was performed by 15 cycles with annealing temperature at 64˚C for both studies. The primers sequences for each CpG sites and size of products are summarized in Table I .
Determination of MUC2 mRNA. Total RNA (1 μg) isolated from cell lines was reverse-transcribed using random hexanucleotides (Boehringer-Mannheim) and SuperScript II reverse transcriptase (Life Technologies, Inc) in a volume of 50 μl. cDNA (1 μl) was amplified by PCR, together with two primer sets. The first set was used for the MUC2 gene: F, 5'CTCAACGACAACCCCTACTA; R, 5'ATGGGAACA TCACGATACATG. The second primer set was for amplifying a ß-actin fragment as an internal control: F, 5'TCAC CAACTGGGACGACATG; R, 5'ACCGGAGTCCATCACG ATG. The RT-PCR products were analyzed by electrophoresis on a 2% agarose gel, followed by ethidium bromide staining. The amount of each fragment was determined with a densitometer. The RNA expression level was represented as the ratio of the amount of MUC2 fragment over ß-actin.
Mucin and MUC2 protein expression by histochemistry and immunohistochemistry
Histochemistry. We conducted H&E staining to evaluate mucin contents in mucinous CRC and non-mucinous CRC tissues. This evaluation was also done by two of the authors. Mucin contents of all samples are indicated as percentage in Table IV (mucinous CRC group) and V (non-mucinous CRC group). We considered CRC as mucinous cancer if its mucin content was over 50%.
Immunohistochemistry. To determine the expression of MUC2 in CRC tissues, paraffin sections were stained with anti-MUC2 antibody, CCP58 (1:200; Zymed Laboratories, South San Francisco, CA). This murine CCP58 antibody was generated against a synthetic peptide of the MUC2 tandem repeat peptide region. After deparaffinisation, sections were subjected to heat-induced antigen retrieval in 10 mM sodium citrate buffer in a pressure cooker (Biocare Medical, Walnut Creek, CA), pH 6.0 for 20 min. Non-specific protein binding was blocked by incubating sections with serum blocking solution (Zymed) for 10 min at room temperature. Anti-MUC2 antibody was applied and incubated for 60 min. Sections were rinsed in PBS followed by incubation of biotinylated secondary antibody (Zymed) for 10 min. After a brief rinse, streptavidin-enzyme conjugate (Zymed) was applied and incubated for 10 min. Sections were rinsed, followed by incubation with Liquid DAB Substrate Kit (Zymed). After counterstaining with haematoxylin, sections were dehydrated in graded ethanol and cleared in xylene before mounting. Positive staining is seen predominantly in the perinuclear cytoplasm of goblet cells.
Immunoreactivity was graded as -(negative), + (positive) or ++ (strong positive). Semiquantitative staining of specimens was performed by evaluating the intensity of staining (-, 0; +, 1; ++, 2) and the percentage of tissue with positive staining (0-100%). The percentage of tissue with positive staining was evaluated by examining and individually grading each low-power field (x10 objective lens) in every specimen. An integrated staining intensity score (IS) for the entire specimen was calculated by the formula: IS = ∑ (1 x F+) + (2 x F++), where F = percent (%) x 10 field, as described previously (35, 36) . The range was 0-2, and a specimen was categorized as positive if the staining intensity score was greater than 0.10. Normal colonic tissue was used as positive control. This evaluation was done individually by S. Kakar and K. Okudiara.
Statisitical analysis.
Comparison of categorical variables including gender, tumor location, Dukes stage, methylation status of MUC2 gene promoter region were made using ¯2 test or Fisher's exact test as appropriate. Methylation status of mucinous CRC and non-mucinous CRC was compared by Student's t-test. Mann-Whitney's U test was used for the comparison of MUC2 staining area (%), the integrated staining intensity score (IS) and mucin contents (%).
Comparison of MUC2 staining area (%), intensity score (IS) and mucin contents (%) among no methylation group, low methylation group and high methylation group were examined by Student's t-test or Welch's t-test as appropriate.
Results
Analysis of methylation status in the CpG islands of MUC2
promoter by sequencing method in cell lines. We conducted the sodium bisulfite sequencing method to investigate the methylation status of MUC2 gene promoter in mucinous CRC and non-mucinous CRC cell lines (Figs. 1A and B, and 2). We analyzed 13 MUC2-non-expressing cell lines and four MUC2-expressing cell lines. As shown in these figures, there was an obvious difference between two groups especially in regions A and C. In these sites, all of MUC2-non-expressing cell lines were highly methylated, and on the contrary, all MUC2-expressing ones were not methylated.
Relationship between methylation status of CpG sites in MUC2 protein and MUC2 mRNA expression in cell lines. To examine the relationship between MUC2 methylation status and its expression level, we added 5-aza-dC which has the ability to decrease gene methylation level. We examined two highly-methylated cell lines, Lovo and HT29. As shown in Fig. 3A , methylation status in regions A and C was decreased in these cell lines followed by the reproduction of MUC2 (Fig. 3B ). This cell line study indicated that methylation of MUC2 gene promoter region regulates its expression.
Methylation analysis of MUC2 gene promoter in cell lines.
Since sequencing method does not work well in tissue samples, Table I . Primer sequences used in MUC2 methylation analysis. we chose MSP analysis to investigate MUC2 methylation status. We performed MSP preliminary on four cell lines (H498, RW2982, Lovo and SW1116) for analyzing four sites (-289, -274, -193 and -160) in MUC2 gene promoter. We gained similar methylation data at -289, -274 and -193 site (Fig. 4) . As with -160 site, effective bands did not appear (data was not shown Table II . Clinico-pathological features of mucinous and non-mucinous colorectal cancers (CRC). 
tumor and Dukes stage. There were no statistically significant differences between these groups. However, in the Dukes stage, there was a tendency for more mucinous CRC patients in advanced stages (57.9%) than non-mucinous CRC patients (32.4%) which agrees with previous clinicopathological studies (3,4) that mucinous CRC often presents at an advanced stage. The methylation status at 3 sites (-289, -274 and -193) of MUC2 gene promoter of both groups are shown in Table III . Methylation status of mucinous cancer group was lower than that of non-mucinous CRC in all sites (-289 site; P=0.001, -274 site; P=0.013, -193 site; P=0.001).
In these cases, interestingly, there were exceptions that some mucinous CRC cases were highly methylated, and also, some cases were low-methylated in non-mucinous CRC group.
Histochemical study of mucin and immunohistochemical study of MUC2 expression.
To compare the mucin contents (%) between mucinous CRC and non-mucinous CRC, H&E staining was done in both groups. As shown in Tables IV and V, mucin contents in mucinous CRC tissues were significantly higher than those of non-mucinous CRC tissues (p<0.001). Next, to evaluate MUC2 protein expression in Table IV . The result of methylated CpG sites, MUC2 stainings and mucin contents in mucinous colorectal cancer tissues.
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those CRC tissues, we performed immunohistochemistry by using anti-MUC2 antibody, CCP58. In normal colon tissues, intense MUC2 staining was observed in the perinuclear cytoplasm of goblet cells (Fig. 5a ) because CCP58 recognizes an epitope in the MUC2 tandem repeat peptide region that becomes masked when full glycosylation occur. Therefore, MUC2 mucin core proteins that are newly synthesized and not yet glycosylated are stained in perinuclear regions. However, fully-glycosylated MUC2 mucins in the vacole are not stained. On the contrary, staining patterns of cancer cells were different from normal tissue (Fig. 5b-f) . In mucinous cancer tissues, strong and diffuse cytoplasmic staining of cancerous epithelial cells is seen (Fig. 5b) . Also, there were many floating cells in mucin lakes (Fig. 5c) . Seventeen of 19 mucinous cancer tissues were well-stained and two cases (no. 9 and 18) were focally stained. In non-mucinous cancer tissues, 21 of 34 samples (61.8%) were negative for staining (Fig. 5d) . Six of 34 samples (17.6%) were focally stained (Fig. 5e ). This staining pattern predicts the heterogeneity of cancer cells. Seven samples (20.6%) were diffusely stained like mucinous cancer tissues (Fig. 5f ). MUC2-staining area (%) and integrated INTERNATIONAL JOURNAL OF ONCOLOGY 36: 765-775, 2010 Table V. The result of methylated CpG sites, MUC2 stainings and mucin contents in non-mucinous colorectal cancer tissues. 
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staining intensity score (IS) are shown in Tables IV and V. Both staining evaluations indicated that mucinous CRC group significantly expressed MUC2 rather than non-mucinous CRC group (P<0.01). Regarding the mucinous CRC group, most staining areas and scores were remarkably high except for 2 cases. In these well-stained cases, we compared the MUC2 gene promoter methylation status with these staining patterns, with the result that 15 cases were low-methylated. We considered methylation status as low level if the methylation was detected at only one CpG site. When several CpG sites were methylated, we categorized the case in highmethylated group. Also, we considered a case as well-stained when the staining area (%) was >60% or staining intensity (IS) was >1.2. Two cases (no. 17 and 19) were well stained whereas these were highly methylated. Further two cases (no. 9 and 18), which were focally stained, were highly methylated. Therefore, except for these 2 cases (no. 17 and 19), 17 cases agreed with our cell line study. On the other hand, there were various aspects in non-mucinous CRC group. In 17 cases, MUC2 was not detected followed by high methylation status of MUC2. Case 8 was low-methylated with MUC2 high-expressing case. Thus, these 18 cases were completely theoretical. In 5 samples (no. 3, 5, 11, 15 and 25), focal staining remained, whereas methylation status was high. As with other 5 samples (no. 4, 7, 16, 17 and 23), only one CpG site was methylated (low-methylated) followed by MUC2 faint or negative staining. Thus, the degree of methylation of MUC2 played a regulatory effect on its expression. There were 6 exceptions those were highly methylated with strong MUC2 expression (no. 1, 10, 12, 20, 26 and 32) .
We compared these data between mucinous and nonmucinous group. Next step, we analyzed these results from the view point of the degree of methylation status with its suppressive effects (Fig. 6A, B and C) . As shown in these figures, we assigned all 53 CRC samples into the nomethylation group, the low-methylation group (n=1) or the high-methylation group (n=2, 3), and compared MUC2 expression levels and mucin contents (%) among them. There were statistical differences between the no-methylation group and the high-methylated group; p<0.001 in mucin area (%); .002 in MUC2-staining area (%); p=0.002 in MUC2-staining intensity score. There were also significant differences between the low-methylation group and the highmethylation group; p=0.002 in mucin area (%); p=0.008 in MUC2-staining area (%); p<0.002 in MUC2-staining intensity score. As with between the no-methylation group and the low-methylation group, there was a statistical difference only in MUC2-staining area (%) (p<0.05). These results indicated that MUC2 expression and mucin contents decreased in accordance with the increase of methylation status.
Discussion
The correlation of the methylation of MUC2 gene promoter with its expression has been examined in cell lines by many researchers indicating that methylation of the gene promoter suppresses MUC2 expression (24, 26, (28) (29) (30) (31) (32) (33) (34) 37) . We tried to prove this theory by using human mucinous CRC and nonmucinous CRC tissues and showed that methylation status of mucinous CRC, which expressed MUC2 well, was low, whereas that of non-mucinous CRC was at high level. Furthermore, we showed that MUC2 expression level was affected by its methylation status. Thus, our results were almost similar with the cell line reports. Human cancer tissue samples are difficult to use for experiments because they contain several epithelial and stromal cell types. To get reliable results, careful microdissection procedure is required. Therefore, our results, in some cases were not as expected, possibly due to the contamination of these cells. Generally, DNA from tissue samples was not sufficient enough for PCR thus pre-amplification was an ideal method to raise the reliability of the experiment. Therefore, we tried the pre-amplification after appropriate areas in MUC2 gene promoter was detected by sodium bisulfite sequencing method. This sequencing method is also an effective way to analyze the methylation status of CpG sites by using sample RNA (38) . In this sequencing analysis for cell lines, we examined 21 CpG sites of MUC2 gene in 13 MUC2-nonexpressing CRC cell lines and four MUC2-expressing CRC cell lines. In all MUC2-non-expressing cell lines, there was near accordance that the methylation status at 4 sites (-289, -274, -193 and -160) were at high level. In other sites, methylation status was cell-dependent (Figs. 1A and 2 ). On the other hand, in four MUC2-expressing cell lines, methylation status was at low level in MUC2 promoter region (Figs. 1B and 2) . From the comparison of these results, we hypothesized that these 4 CpG sites may play an important role for MUC2 expression. Before starting the analysis in tissue samples, we tried to confirm these 4 sites in a CRC cell line study with the result that methylation status in 3 sites was proved in the 4 cell lines. One CpG site, at -160, is also expected to be important in the regulation of MUC2 and we tried to show the methylation status by several MSP conditions, however, we could not get a sufficient result. Sequencing pattern around the target area or quality of primer set may be the reasons of the failure. Thus, this CpG site remains to be further examined.
MSP analysis at these sites on tissues accorded with the cell line study. As predicted, methylation status of mucinous CRC group was significantly lower than that of nonmucinous CRC group. On the contrary, MUC2 expressions in mucinous CRC group were more predominant than those in non-mucinous CRC group, proven by immunohistochemistry (Tables IV and V) . These data predicted the close correlation between methylation status and its suppressive effect on MUC2 expression. Therefore, we evaluated all the samples from the view point of methylation degree of MUC2 promoter region. As shown in Fig. 6A , B and C, there were same tendencies that MUC2 expression and mucin contents decreased in accordance with the increase of methylation status. Thus, we could show that MUC2 expression level depends on its methylation status in the tissue study.
Next, we inspected each sample individually. Fifteen cases of mucinous CRC group and 18 cases of non-mucinous CRC group were as had been expected. As with the rest of mucinous CRC samples, 4 cases (no. 9, 17, 18 and 19) were highly-methylated, but no. 9 and 18 showed decrease of MUC2 expression. Therefore, we considered no. 17 and 19 as exceptions. On the contrary, in non-mucinous CRC group, the rest of the cases were without complications. Five samples in non-mucinous CRC group were low methylated (only one CpG site was methylated), but their MUC2 expressions were strongly suppressed, indicating that even though the methylation level is low, it may be enough to regulate MUC2 expression. Other 5 samples were highly methylated but focal staining remained. Thus, these 10 cases were slightly obscure, but they showed more or less regulatory effects on MUC2 expression due to the methylation. The degree of suppressive effect of methylation depended on each case type. Here, we need to consider the mucin-producing components in non-mucinous cancer tissues as shown in Table V because contamination of these parts may lower specificity of MSP and immunohistochemistry. These results may be part due to the heterogeneousity of cancer cells.
As shown above, there were some exceptions. In mucinous CRC group, 2 samples were unexpectedly highly methylated whereas they maintained MUC2 expression. On the other hand, 6 samples in non-mucinous CRC were highly methylated followed by unexpected strong MUC2 expression. Thus, our data suggested other factors that also affect MUC2 expression directly or indirectly. There are many reports on the MUC2 regulation by inflammatory cytokines (TNF-·, interleukins-1, -4, -6, -9, -13) (12-17), growth factors (epidermal growth factor, transforming growth factors · and ß) (18) (19) (20) (21) , and transcription factors [Sp1 (24) , NF-κB (11), HATH1 (27) , Cdx-2 (26), and p53 (25) ]. Generally, in CRC tissues (mucinous and non-mucinous CRC), there are many inflammatory cytokines and growth factors so that these factors may affect the MUC2 expression. HATH1, a basic helix-loop-helix transcription factor that is the human homologues of Drosophila atonal, can be one of the responsible factors because HATH1 expression is important for up-regulation of MUC2 in mucinous CRC. A previous study showed that forced HATH1 expression in colon cancer cells results in increased MUC2 expression (39) . We also comfirmed that there were few cases expressing HATH1 in non-mucinous CRC tissues (7%), although all mucinous CRC were expressed (27) . As with two cases in our mucinous CRC group, HATH1 may make up for the decrease of MUC2 expression due to high methylation.
Cdx2, a member of the caudal-related homeobox gene family, as judged from their sequence homology to the caudal gene of Drosophila melanogaster (40, 41) , is also an important transcription factor for MUC2 expression. Yamamoto et al showed that Cdx2 interacts with the MUC2 promoter and activates MUC2 transcription (26) . Mesquita et al showed that Cdx2 activated the expression of MUC2 and also identified Cdx2-binding sites on MUC2 gene at -177/-171 and -191/-187 (42). Kawai et al reported that Cdx2 gene was methylated in nearly 40% of CRC cases and suggested this methylation may play a key role in inactivating Cdx2 expres-sion (43) . Therefore, methylation of Cdx2 gene may affect the results of MUC2 expression. In addition, these Cdx2-binding sites are very close to C area. This fact indicates the possibility that Cdx2-binding sites were affected by MUC2 gene methylation followed by the suppression of Cdx2-binding ability. Hence, methylation status of Cdx2 and Cdx2-binding ability also remains to be examined.
In summary, we confirmed that the methylation status of MUC2 gene promoter in mucinous CRC tissue was significantly lower than that in non-mucinous CRC tissue. We also showed that MUC2 gene methylation predominantly regulates its expression not only in a cell line study, but also in a tissue study. Finally, the existence of exceptions predicts the possibility of the participation of other factors in MUC2 expression in CRC tissue.
